In this paper we use neutral hydrogen (H I) and optical spectroscopic observations to compare the timescales of a merger event, starburst episode and radio-AGN activity in the radio galaxy B2 0648+27. We detect a large ring-like structure of H I in emission around the early-type host galaxy of B2 0648+27 (M H I = 8.5 × 10 9 M ⊙ , diameter = 190 kpc). We interpret this as the result of a major merger that occurred 1.5 Gyr ago. From modelling optical long-slit spectra we find that a young stellar population of 0.3 Gyr, indicative of a past starburst event, dominates the stellar light throughout the galaxy. The off-set in time between the merger event and the starburst activity in B2 0648+27 suggests that the starburst was triggered in an advanced stage of the merger, which can be explained if the gas-rich progenitor galaxies contained a bulge. Although the exact age of the radio source remains uncertain, there appears to be a significant time-delay between the merger/starburst event and the current episode of radio-AGN activity. We also observe an outflow of emission-line gas in this system, which is likely related to superwinds driven by the stars that formed during the starburst event. We argue that the radio galaxy B2 0648+27 is a link in the evolutionary sequence between Ultra-Luminous Infrared Galaxies (ULIRGs) and genuine early-type galaxies.
Introduction
Merger events are often invoked as the trigger of the activity in galaxies. Extreme examples are major merger systems such as Ultra-Luminous Infra-Red Galaxies (ULIRGs), which owe their extreme infra-red colors to a massive starburst, often in combination with a dust-enshrouded AGN. In the hierarchical model of galaxy formation, early-type galaxies such as E's and S0's form the end products of merging systems. The overwhelming majority of bright, low-z radio sources are hosted by these early-type galaxies, which often still show optical signatures of the merger event (like optical tails, bridges, shells; Smith & Heckman 1989) . In addition, a growing number of radio galaxies is found to contain a young or intermediate age stellar population, indicating that they are poststarbust systems (e.g. Aretxaga et al. 2001; Wills et al. 2002 Wills et al. , 2004 Tadhunter et al. 2002 Tadhunter et al. , 2005 Raimann et al. 2005) . The same holds for optically selected AGN from the Sloan Digital Sky Survey (SDSS), of which a significant fraction experienced bursts of star formation in the recent past (Kauffmann et al. 2003) .
A connection between mergers and galactic scale starburst events has been well established and modelled (e.g. tion of dust, as well as what appear to be regions of star formation. Morganti et al. (2003, hereafter Paper I) found a ring-like structure of H I gas that surrounds the host-galaxy, suggesting a major merger happened in this system. In this paper we present the results from new H I data (Sect. 3) as well as a stellar population analysis from new optical spectra (Sect. 4). We use these to study the timescales between the merger event, starburst activity and onset of radio-AGN activity in B2 0648+27 and to determine the evolutionary stage of this galaxy.
Observations
We obtained 3 × 12 hours of Westerbork Synthesis Radio Telescope (WSRT) data on 12 and 15 August 2002 using the 20 MHz band, 512 channels set-up, and on 28 December 2002 using 1024 channels over the 20 MHz band. The data have been reduced using the MIRIAD software. A data cube was constructed using a robust-Briggs' weighting equal to 1 (Briggs 1995) , resulting in a 48.1 × 24.2 arcsec 2 beam (PA 1.0 • ), velocity resolution of 35 km s −1 after Hanning smoothing and noise level of 0.14 mJy beam −1 . A 0th-moment total intensity map of this line data ( Fig. 1) was made by adding all the signal above 4.3σ. In order to study the H I in absorption ( Fig. 1 -bottom right) we also constructed a uniform weighted data cube with a 21.7 × 10.4 arcsec 2 beam (PA 0.0 • ), velocity resolution of 35 km s −1 after Hanning smoothing and noise level of 0.45 mJy beam −1 . Optical long-slit spectra were taken at the William Herschel Telescope (WHT) on 12 January 2004 using the ISIS long-slit spectrograph with the 6100Å dichroic, the R300B and R316R gratings in the blue and red arm and the GG495 blocking filter in the red arm to cut out second order blue light. This resulted in a wavelength coverage from about 3500 to 8000 Å. The slit had a width of 1.3 arcsec and was aligned along the major axis of the host-galaxy (PA 43
• ). The total integration time was 4 × 1200s per arm. The airmass stayed below 1.1 and the seeing varied between 1.8 and 2.3 arcsec during the observations. We used the Image Reduction and Analysis Facility (IRAF) for a standard reduction of the data (bias subtraction, flatfielding, wavelength calibration, background subtraction and tilt removal). For the flux calibration we used 5 standard calibration stars (D191-B2B, Feige 67, PG0216+032, Feige 24 and HD19445). The resulting spectra are aligned within one pixel in the spatial direction. The accuracy of the wavelength-calibration (using night-skylines) is within 0.6 Å, and the λ-resolution of the spectra is ∼ 5Å. The accuracy of the relative flux calibration is within 6%. Due to slit-losses when observing the flux-calibration stars we could not normalise the spectrum better than within a factor of 2. We note that this does not affect the stellar population analysis of Sect. 4.1, but it does introduce a factor of 2 uncertainty in the total stellar mass estimates derived from the spectra in Sect. 4.2. Subsequently, we used the Starlink package FIGARO to correct the spectra for galactic extinction (E(B − V) = 0.077) 3 and to de-redshift the
Neutral hydrogen: the merger event
Figure 1 (left) shows a total intensity H I map of our new data. The H I gas forms a ring-like structure with a total mass of 8.5×10 9 M ⊙ and diameter of 190 kpc. Given the deeper observations it is not surprising that this mass is somewhat higher than the mass detected in Paper I (for our used value of H 0 ). The H I structure is asymmetric. The highest concentration of H I gas is found in the eastern part of the structure, with a surface density of 1.7 M ⊙ pc −2 . The surface density threshold to trigger star formation in disk galaxies is predicted to be higher by a factor of a few (e.g. Martin & Kennicutt 2001) , therefore the overall surface density of the H I in B2 0648+27 will be too low for large-scale star formation to occur. As a result, most of the H I may stay around for a very long time.
The PV-diagram in Fig. 1 (middle right) shows that the H I ring is not yet fully settled. The systemic velocity of B2 0648+27 (12 345 ± 46 km s −1 , as we will derive in Sect. 5 from optical emission-lines), coincides with the velocity of H I detected in absorption (see below). Within the error it also agrees with the central velocity of the H I emission structure when we take into account the full range in velocity covered by the H I. This includes H I emission detected out to a velocity of about v = 12 540 km s −1 , which is located in the inner region, just south-west of the optical host galaxy ( Fig. 1 -top right) . The extended H I-gas on the south-western side has a velocity closer to v sys than the extended H I in the north-east. This complex distribution of the H I indicates that the H I is still in the process of settling into a regular rotating ring. We argue that the H I gas in the inner region (with v > 12 500 km s −1 ) is part of the largescale H I structure, with H I gas stretching from the optical host galaxy and curling around the system. This explanation would agree with faint optical tails found by Heisler & Vader (1994) in the inner part of the system. The total amount of H I in and around the host galaxy of B2 0648+27 is unusually large for an early-type galaxy. It is comparable to a few times the H I content of the Milky Way. The large mass as well as the extended distribution of the H I structure around B2 0648+27 suggests that it formed during a major merger event, which included at least one (and possibly two) gas-rich galaxies (more details of this merger event are discussed in Sect. 7). A major merger event between gas-rich diskgalaxies can create large tails of H I (e.g. Hibbard & Mihos 1995; Hibbard & van Gorkom 1996; Hibbard et al. 2001 ). The gas in these tails can, if the environment is not too hostile, fall back onto the host galaxy and form a disk-or ring-like structure (Barnes 2002) . The H I gas will need a few galactic orbits time to fully settle. Apparently, B2 0648+27 is in the evolutionary stage where tidal H I gas is falling back towards the host galaxy, but has not yet had time to settle into a regular rotating ring.
To get a lower limit for the age of the merger event we assume that the gas needed at least half an orbit to fall back into the observed morphology. Assuming (from Fig. 1 ) an orbital radius of 95 kpc and velocity of the gas of 200 km s −1 , we estimate that the first encounter between the merging galaxies was at least 1.5 Gyr ago. This age of the merger event is in agreement with the simulations of Barnes (2002) , in which expelled gas during a merger event needs a similar timescale to fall back onto the galaxy. It also provides enough time for the host galaxy to gain the optical morphology of a genuine early-type galaxy (e.g. Hibbard & van Gorkom 1996) .
As already discussed in Paper I, in the central region of B2 0648+27 we detect H I in absorption against the unresolved compact radio source ( Fig. 1 bottom right) . From a continuum image, constructed from the line-free channels in our data, we derive a continuum flux of ∼156 mJy beam −1 , the same as Fanti et al. (1987) found in VLA data at 1.4 GHz. The absorption in our uniform weighted data has a peak of about -1.15 mJy beam −1 and a FWHM of ∼210 km s −1 . We note, however, that part of the absorption line could be filled-in with H I emission that is in the same beam. The resulting optical depth is ∼0.74% and the corresponding column density N H I ∼ 2.8 × 10 20 cm −2
(assuming T spin = 100K). Fig. 2 . H I-detected galaxies in the field of B2 0648+27. The observations were centred on B2 0648+27. This total intensity map is different from the one of Fig. 1 in the sense that it has been constructed by adding all the signal above 5σ in at least two consecutive channels in our robust +1 weighted line-data cube. Numbers are given in order of ∆v and correspond to numbers in 
H I companions
We detect in H I a total of 17 galaxies in the field of B2 0648+27. Of these, 10 have not previously been catalogued.
4 Figure 2 shows the spatial distribution of the H I-detected galaxies. All but one of these H I-detected galaxies also have a faint optical counterpart that is visible in the DSS image of this region (the only H I-detection for which an optical counterpart is not obvious is #16). Table 1 gives a full list of the H I-detected galaxies. In order to ease comparing the radial velocities of these galaxies, the galaxies are listed and numbered according to their velocity relative to B2 0648+27 (∆v).
It is notable that, although the region is H I rich, B2 0648+27 appears to lie not in the centre, but towards the outskirt of this ensemble of H I-detected galaxies. Most of these galaxies lie east and south of B2 0648+27, and most systems have a radial velocity that is lower than that of B2 0648+27. The fact that no X-ray source has been detected near B2 0648+27 in the ROSAT X-Ray All-Sky Survey also suggests that B2 0648+27 is not located in the central region of a rich cluster. We can, therefore, conclude that B2 0648+27 is located in a field environment with gas-rich galaxies that are mostly situated relatively far away.
The companion J0651+2734 (#4) is a relatively nearby companion, both in radial velocity and spatial distance. The total H I mass of J0651+2734 is M H I = 8 × 10 8 M ⊙ . J0651+2734 appears to show a faint extension of H I gas towards B2 0648+27 (visible in Fig. 1 ), but additional data are necessary to confirm this.
Fig. 3.
Optical spectrum of the nuclear region of radio galaxy B2 0648+27 and of the region 3.2 arcsec NE of the nucleus. The used apertures are 2.8 arcsec for both regions. The dichroic, which splits the blue from the red spectrum, was placed around 6000 Å. In this small region around 6000 Å the flux calibration is not reliable.
Optical Spectra: the starburst event
Optical spectra of B2 0648+27 are extracted at three places along the slit, which was aligned along the major axis of the host galaxy. The locations are on the nucleus and in regions 3.2 arcsec (2.7 kpc) NE and SW of the nucleus, with an aperture of 2.8 arcsec for each region. Figure 3 shows the spectrum of B2 0648+27 in the nuclear and NE region. The spectra look remarkably similar in the different regions (the spectrum in the SW region looks almost identical to the NE-spectrum).
Despite the fact that B2 0648+27 is an early-type galaxy, the spectra display strong Balmer absorption lines and an UVexcess shortward of the 4000Å-break. The strong Balmer ab- sorption lines and Balmer break are characteristic of a dominant contribution from a young or intermediate age stellar population (it is unlikely that the AGN-component has a large contribution to the UV-excess, as we will discuss in Sect. 4.1.3).
In order to study in detail the stellar populations in the host galaxy of B2 0648+27, we model the continuum spectral energy distribution (SED) of the optical spectra in the three regions, taking into account both stellar and AGN-related continuum components (see also Tadhunter et al. 2002 Tadhunter et al. , 2005 Wills et al. 2002 Wills et al. , 2004 . This is preferred above using absorption line indices at face-value, because most of the age sensitive diagnostic absorption lines are affected by emission-line contamination (an exception is Ca II K). Subsequently, we will make a more detailed comparison between the data and the models by investigating in detail the age sensitive Ca II K and Balmer absorption lines in order to constrain our result even better.
Continuum modelling
For the modelling of the spectra of B2 0648+27, stellar population models of Bruzual & Charlot (2003) are used. These are based on Salpeter IMF and solar metallicity, instantaneous starbursts. Figure 4 clarifies the procedure used. We use a χ 2 minimisation technique to fit combinations of a 12.5 Gyr old stellar population (OSP) and a young stellar population (YSP) to the observed spectrum. YSP template spectra with a range in age from 0.01 to 9 Gyr are used for this. We compare the total flux of the combined OSP and YSP model spectrum with the observed flux in wavelength-bins along the spectrum. A normalising bin was chosen in the wavelength range 4720 -4820 Å. We are not able to a priori determine the reddening using Hα/Hβ in the host galaxy of B2 0648+27, because the Hβ absorption due to a YSP appears to be significant in this system, which dilutes the Hβ emission line. Apart from Hα, the other Balmer lines are too weak to be used. In the modelling this is dealt with by leaving the reddening as a free parameter in the YSP template spectra. The Seaton (1979) reddening law was used to redden the YSP template spectra. For the χ 2 fitting we assume an error of ±6% in each wavelength bin, in agreement with the uncertainty in the flux calibration. Note that, since the flux calibration errors are not likely to be independent between the various wavelength bins, we can merely use the reduced χ 2 values as an indication of the region of parameter space for which the modelling provides good results, rather than derive accurate statistical properties of the fitting procedure itself. For that we also need to inspect the model-fit to our spectra visually.
In the region shortward of 4000 Å the spectrum could be diluted by UV-excess due to nebular continuum (see e.g. Dickson et al. 1995 , and references therein) and AGN related effects (see discussion in Tadhunter et al. 2002) . To investigate the role of the AGN, we also model the spectra including a power-law component (this is discussed in Sect. 4.1.3). To correct for the nebular continuum, we use the Starlink software FIGARO to generate a nebular continuum, comprising the blended higher Balmer series (>H8) together with a theoretical nebular continuum (a combination of free-free emission, freebound recombination and two-photon continua), which we subtract from the observed spectra. For normalisation we use the observed Hα emission-line. The Hα emission-line in our nuclear spectrum is best fitted with a two-component Gaussian line-profile (see also Sect. 5). Therefore separate nebular continua are generated with the same redshift and line width as the two components. Because we do not a priori know the reddening in the host galaxy of B2 0648+27, we consider different cases of attenuation of this nebular continuum. We note that the most extreme cases -maximum nebular continuum subtraction (i.e. no attenuation applied) and no nebular continuum subtraction (i.e. assuming very large attenuation) -do not significantly alter our main results. Figure 4 shows the best fit to the overall spectrum in the nuclear region. This best fit consists of a two-population fit of both a 12.5 Gyr OSP and a 0.3 Gyr YSP with reddening E(B − V) = 0.3 (see also Table 2 ). In Fig. 5 the χ 2 results are given for the fitting procedure across the whole range of 2 results nicely converge around age = 0.3 Gyr and E(B − V) = 0.3. However, on the basis of the SED modelling alone we cannot rule out any results for which χ 2 < 1. Modelfits for which χ 2 > 1 systematically contain residuals > 6% across several wavelength bins, and therefore we can rule out this range of model parameters.
Nuclear region
To further refine the stellar population properties we visually inspect the different model-fits in the region around the 4000 Å break, where the important age-indicator Ca II K (e.g. Tadhunter et al. 2005 ) and the age-sensitive Balmer lines (e.g. González Delgado et al. 1999 ) are also located. Although the Balmer lines are likely contaminated by emission-line infilling, Ca II K should be a relatively 'clean' age-indicator. The zoomin of Fig. 6 shows our best χ 2 -fit model, with age = 0.3 Gyr and E(B − V) = 0.3 for the YSP. Despite the fact that the fit is not perfect (due to inaccuracy in the flux-calibration and emissionline contamination in the cores of the Balmer lines), this model nevertheless provides a good fit to the Ca II K, Balmer and Gband features. We visually inspected the line fitting in the region around the 4000 Å break also for the other model templates for which χ 2 < 1. Although some of these fits are also satisfactory (given the uncertainties in our used method -see Sect. 4.3), the fit degrades quickly for increasing χ 2 results. Based on these results we argue that it is sufficient to model the spectrum of the nuclear region with a single post-starburst YSP of age 0.3±0.1 Gyr and reddening E(B − V) = 0.3 ± 0.1 superimposed onto a 12.5 Gyr OSP. Figure 5 and Table 2 show that in the nuclear region this post-starburst stellar population contributes about 82% of the visible light in the slit, which corresponds to about 25% of the total stellar mass. 
Off-nuclear regions
We also fit the Spectral Energy Distribution in the apertures NE and SW of the nucleus. We assume that the nebular continuum is not significant in the analysis of these off-nuclear regions. Here the emission lines are much weaker than in the nuclear region, where the nebular continuum subtraction did not significantly affect our results anyway.
Results of the model-fitting in the off-nuclear regions are given in Table 2 . In both the NE and the SW region, the best fit consists of a combination of the 12.5 Gyr OSP and a YSP of age between 0.3 and 0.4 Gyr with E(B − V) = 0. Figure 7 shows that for the off-nuclear regions the χ 2 results converge to this unique solution. For similar reasons as for the nuclear region, we can discard any fit for which χ 2 > 1. From visually inspection of the region around the 4000 Å break and the age-sensitive Ca II K and Balmer lines (Fig.  8) we conclude that the fits in the range age = 0.4
give satisfactory results, and that we can safely discard any models outside this range. Therefore, within the uncertainty of the SED modelling, the YSP in the off-nuclear regions has an age similar to that of the YSP in nuclear region. Table 2 shows that the young, post-starburst stellar population contributes a significant fraction of the total stellar light and mass in the off-nuclear regions. Reddening of the YSP is much more pronounced in the nuclear region than in the offnuclear regions. However, we can not make a general statement about the reddening in B2 0648+27 based on these three regions alone, since Capetti et al. (2000) observed the dust distribution to be patchy.
Effect of power-law component
Since B2 0648+27 has an active nucleus, we also tried to fit the nuclear spectrum with a power-law component (with varying slope) in addition to the fit of the old + (reddened) Table 3 . Absolute mass of the old and young stellar population in the various regions. is not likely to be very strong, at least not in the direct light, since no optical point-source was detected in the HST image of Capetti et al. (2000) . Scattered quasar light is likely correlated with the strength of the emission lines , and in that sense in particular the off-nuclear regions make clear that this cannot be a major contribution either. When we include a weak power-law component in our SED modelling, this does not provide significantly better results. We therefore do not expect that light from the AGN has a major impact on our results. Table 3 gives the absolute mass of the OSP and YSP in the three regions that we investigated. The masses are calculated from the flux of the YSP and OSP at 4770 Å (the central λ of our normalising bin; see also Table 2 ). The YSP and OSP flux (taking into account reddening effects from Table 2 ) are scaled to stellar masses using the template spectra of Bruzual & Charlot (2003) . The uncertainty in the stellar mass estimates is based on uncertainties from the SED modelling (Table 2) .
Stellar masses
Because there is an additional uncertainty of a factor of 2 in the stellar mass estimates in the various regions (due to slit-losses during the observations; Sect. 2) and because these regions occupy only a small area of the entire galaxy (2.6 kpc 2 each), we also estimate the total stellar mass in the galaxy using the photometric B-band magnitude of B2 0648+27 (m B = 13.98; de Vaucouleurs et al. 1991). We use our results from Table 2 and the spectral synthesis results of Charlot et al. (1996) to make the total mass estimates in Table  3 , although we note that our mass estimate is based on the derived values of the stellar populations in three small regions and that the stellar population parameters could be different at other locations.
As can be seen from Table 3 , the mass of young stars in B2 0648+27 is high for a galaxy that has been classified as earlytype. The starburst event that formed these young stars 0.3 Gyr ago has most likely been the result of a major merger (e.g. Mihos & Hernquist 1994 Springel et al. 2005) , which is in agreement with our H I study. Apparently there is a significant time-delay between the initial encounter (as dated by the H I analysis) and the onset of the starburst event. We will discuss this in more detail in Sect. 7.
Uncertainties in our method
Of course there is a degree of uncertainty introduced by observational errors (like flux calibration) and by the assumed parameters of the synthesis models that we used in our fitting procedure (duration of the starburst, the assumed Salpeter IMF and metallicity).
Uncertainties in the flux calibration could be the reason that in particular in the red part of the spectrum the fit is not perfect. However, we do not expect that this will significantly change our results, since our visual inspection of the detailed fits in the blue part of the spectrum (around 4000 Å) is in excellent agreement with the reduced χ 2 results.
For a detailed discussion of the uncertainties in the assumed parameters of the synthesis models we refer to Tadhunter et al. (2002) . As discussed in Tadhunter et al., the major uncertainty in these model parameters is the assumed shape of the IMF. This may lead to uncertainties of a factor 2-3 in the total mass estimates in Table 3 (on top of the factor of 2 due to observational inaccuracies; Sect. 2). We do not expect significant subor super-solar abundances, since the progenitor systems were most likely gas-rich disk galaxies. Moreover, Sarzi et al. (2005) recently investigated the effect of metallicity on a SED fitting technique for the bulge-regions of nearby galaxies. They conclude that substituting the solar for 2.5 × solar metallicity YSP template spectra does not change the results for age and light percentage of the YSP dramatically. The most significant effect is that super-solar metallicities can mimic additional reddening, in which case our solar-abundance models might overestimate the derived E(B−V). Finally, following Tadhunter et al. (2002) , the predicted age of the YSP should at least be a firm lower limit of the age of the starburst event, also if the star formation occurred over a certain period instead of an instantaneous burst. We would like to note that our modelling technique (consisting of a combination of an old plus a single young stellar population) is insensitive to multiple bursts of star formation. Nevertheless, from the excellent fit that we obtain to the spectra of B2 0648+27, we argue that any contribution from periods of star formation other than the one that occurred 0.3 Gyr ago is likely to be only minor. In particular, the light contribution of a very recent starburst (<0.3 Gyr ago) would be relatively strong. We can therefore safely conclude that the most recent period of intense starformation in B2 0648+27 was 0.3 Gyr ago, although more subtle bursts or periods of star formation (in particular much longer ago) cannot be ruled out completely with our used method.
Emission-line gas
Emission lines of ionised gas are seen out to a radius of about 5 kpc (6 arcsec) from the nucleus. The fit of the [O III] λ4959/λ5007 doublet line requires two Gaussian components (a "narrow" and a "broad" one) in the central region (Fig. 9) . In Fig. 10 we trace the kinematics of these two components. Figure 10A shows that the broad component is detected out to about 2.5 kpc on either side of the nucleus (beyond that the noise gets too high to reliably fit a broad component). The broad component is therefore clearly resolved. The rotation pattern of the narrow and broad component are very similar and the broad component is blueshifted with a fairly constant velocity shift of about 300 km s −1 w.r.t. the narrow component (Fig. 10B) . The FWHM of the broad component reaches about 1400 km s −1 at the nucleus (Fig. 10C ). It is difficult to explain such a velocity dispersion by gravitational motion of the ionised gas. We therefore argue that the narrow component emission-line gas traces the rotational pattern of the galaxy and the broad component most likely represents an outflow of ionised gas from the host galaxy of B2 0648+27.
We estimate the systemic velocity of B2 0648+27 to be v sys = 12 345 ± 46 km s −1 , which is the centre of the positionvelocity curve of the narrow component gas. The error in v sys consist of uncertainties in the λ-calibration and in determining the central velocity of the position-velocity curve. Within the errors, our derived value for v sys is in agreement with previous optical measurements. The rotation of the narrow component emission-line gas is in the same direction as the large-scale H I structure, although the optical emission-line gas is only detected within the central beam of our H I observations. The outflowing gas is blueshifted and therefore moving towards us. Given the fact that the radio source is compact and the optical AGN quite weak, we argue that the current AGNactivity alone can not be responsible for the observed outflow. A likely driving mechanism for the outflow of ionised gas is 1.2" 1.2"
1.2"
A B C D SW NE Fig. 10 . Plotted against the spatial off-set from the nucleus are: A -velocity of the narrow (squares) and broad (circles) component w.r.t. the systemic velocity; B -velocity shift (∆v) between the narrow and broad component; C -FWHM of the narrow and broad component; D -the line flux of the broad and narrow component. The data points were taken across apertures of 1.2 arcsec. The velocity widths are corrected for instrumental broadening. The errors represent uncertainties in fitting the Gaussian components, and for plot A also the inaccuracy of the wavelength calibration. v sys is determined to be the centre of the position-velocity curve of the narrow component gas (plot A). a starburst driven superwind (e.g. Heckman et al. 1990 ), produced by the YSP in B2 0648+27. In that case substantial dustobscuration is necessary to explain why we do not detect a redshifted wing to the emission-line profile as a result of outflowing gas on the opposite side of the galaxy. Although the reddening that we find from our SED modeling (both in the nuclear and in the off-nuclear regions) is probably not enough to explain such an obscuration, more dust might still be located deep inside the galaxy along our line-of-sight, which is difficult to trace with our SED modelling technique if the detected starlight is dominated by an overlaying YSP that is not that heavily obscured.
Radio continuum: the radio-AGN activity
A detailed study of the radio source B2 0648+27 has been made by Giroletti et al. (2005) . B2 0648+27 is a compact radio source, about 1 kpc in size, with a double lobed structure at sub-arcsec scale, as already observed at 8 GHz in Paper I. From an estimate of the radio spectral break frequency from total flux density measurements, Giroletti et al. (2005) estimate that the minimum age of this radio source is 9.9 × 10 5 years.
This does not rule out the possibility that there have been previous periods of radio-AGN activity. Also, Blundell & Rawlings (2000) have argued that spectral break frequency measurements may not always reflect the true age of radio sources, because of erroneous approximation of the magnetic field strength and continuous replenishment of energetic electrons. In this respect, the most extended double radio sources may be much older (0.1 -1 Gyr) than predicted by traditional spectral ageing arguments. However, for compact radio sources with lifetimes much shorter than the observable radiative lifetimes of synchrotron-emitting particles (few × 10 7 yr), spectral age estimates should be much more reliable and comparable to ages estimated from advance speeds of the radio plasma.
Based on advance speeds, studies by for example Gugliucci et al. (2005) show that the typical age of Compact Symmetric Objects (CSOs) is at most a few thousand years.
Of course we have to be careful to compare B2 0648+27 with these CSO sources, because, according to Giroletti et al. (2005) , B2 0648+27 is a Low Power Compact (LPC) with nonrelativistic jets.
Nevertheless, despite the uncertainty in the exact age of the radio source, it is likely that at least the current phase of radio-AGN activity in B2 0648+27 started long after the merger/starburst event.
Discussion
In the recent history of the nearby radio galaxy B2 0648+27 we distinguish three periods of enhanced activity: -Major merger: 1.5 Gyr ago → H I -Starburst event: ∼ 0.3 Gyr ago → optical spectra -Radio-AGN activity: 0.001 Gyr ago → radio continuum
The question arises in how far these events are related. First we look at the relation between the merger event and the starburst episode, which has been well modelled by, for example, Mihos & Hernquist (1994 . Their simulations show that the structure of the merging galaxies, more so than the orbital geometry, determines the nature of the starburst event. In an encounter between pure disk galaxies a prominent bar is formed during the first passage, which drives a rapid inflow of gas into the central region. The resulting high gas densities trigger a starburst, which dies out even before the galaxies finally merge. If the progenitor galaxies contain a bulge, they do not form a bar during their first encounter. Only when the galaxies finally merge, > 1 Gyr after the first encounter, a powerful starburst is triggered. The case of B2 0648+27, which is an advanced merger that late in its lifetime experienced a starburst event, can be explained if the progenitor galaxies contained a bulge.
The current period of radio-AGN activity apparently followed long after the starburst episode. The merger-simulations of Springel et al. (2005) , that also include black-hole (BH) accretion and feedback, suggest that the AGN is likely obscured during the initial stage of the starburst. It only becomes visible at a later stage, when delayed AGN feedback mechanisms remove dense layers of gas around it. Athough B2 0648+27 could be confined for a certain amount of time (as suggested by Giroletti et al. 2005) , the apparent time-lag between the starburst episode and current period of radio-AGN activity is nevertheless large, and it is not at all evident that this can be explained by the models of Springel et al. (2005) .
So what could explain the apparent delay between the merger/starburst event and the triggering of the current phase of radio-AGN activity? Beside the fact that mergers are a good way of depositing gas in the central regions of radio galaxies (e.g. Barnes & Hernquist 1991 Barnes 2002) , it might take a significant amount of time -and processes that are not yet well understood -to remove enough angular momentum of the gas so that it can be transported down to the sub-pc region of the central BH. Alternatively, the onset of the radio-AGN activity could be related to properties of the central engine itself, such as the required timescale for the coalescence of individual BHs in merging galaxies (e.g. Escala Table 4 . Bolometric luminosity of the nuclear YSP (across λ-range 0 − 30, 000 Å), the total luminosity of this nuclear YSP absorbed by the dust (assuming E(B − V) = 0.3), and the observed total far-IR luminosity of B2 0648+27. It is worth to point out that there are other examples of radio galaxies in which a significant time-delay was found between a starburst event and the onset of the radio-AGN activity (Tadhunter et al. 2005) . Also, based on CO results in radio galaxies, a substantial delay between the start of the merger event and the triggering of the radio jets has been proposed by Evans et al. (1999) . In addition to this, in a recent paper (Emonts et al. 2006) , we presented H I results on a complete sample of nearby radio galaxies. We discussed several other examples of compact radio sources that contain large-scale H I structures, possibly as a result of a major merger event that happened more than a Gyr ago. If a merger origin is confirmed, then also for these sources there is a large time-delay between the merger and the current phase of radio-AGN activity.
The "missing link"
Finally, we address the question in how far B2 0648+27 is related to on the one hand systems in major merger, like Ultra Luminous Infra-Red Galaxies (ULIRGs) and on the other hand normal ellipticals. In Paper I already an evolutionary sequence was presented, in which B2 0648+27 is a proposed link between both classes of objects. From our new data, the timescales that we derive for the merger and starburst event in B2 0648+27 are in agreement with this evolutionary scenario.
B2 0648+27 also has a relatively high far IR-luminosity (L FIR ∼ 1.9 × 10 11 L ⊙ ; Mazzarella et al. 1993) . Could this FIRluminosity be due to re-radiated starlight from the obscured YSP in B2 0648+27? To answer this question we use the same approach as Tadhunter et al. (2002) . In Table 4 we give the bolometric luminosity of the YSP in the nuclear region, where we derived the largest dust obscuration in our SED modelling. L bol has been determined from the Bruzual & Charlot (2003) template spectra scaled to our derived parameters of the YSP from Table 3. Table 4 also gives the amount of light that is absorbed by dust, assuming E(B − V) = 0.3 (Table 2) . From Table  4 we see that the amount of absorbed light from the YSP in the nuclear region of B2 0648+27, when re-radiated in the far-IR, can account for a small fraction of the total far-IR luminosity of B2 0648+27 (also note that some nuclear light may have missed the slit, because the seeing was significantly larger than the slit-width; Sect. 2). Despite the uncertainties in our derived values, it is likely that there is some additional dust-heating by recent star formation or by the AGN that we do not pick up with the SED modelling presented in this paper.
Using the spectral synthesis models we can also predict how luminous the YSP would have been in the past. Figure 11 Table  4 ). We also plot the limiting luminosities for Luminous InfraRed Galaxies (LIRG) and Ultra Luminous Infra-Red Galaxies (ULIRG) (see Sanders & Mirabel 1996) in case L bol would be entirely re-radiated in the far-IR.
shows the evolution of the bolometric luminosity of the YSP in the nuclear region. With the assumption that the starburst event in its early stage was already largely obscured by dust in the nuclear region, and most of the starlight was absorbed by this dust and re-radiated into the far-IR, this should provide a good estimate of the FIR luminosity of B2 0648+27 at that epoch (note that L FIR could have been higher in the past if dust obscuration in B2 0648+27 was not limited to the nuclear region). From Fig. 11 we conclude that 0.3 Gyr ago B2 0648+27 had the appearance of an (Ultra-) Luminous Infra-Red Galaxy (LIRG or ULIRG).
Currently B2 0648+27 has passed its ULIRG-phase. The properties of the YSP, the FIR-luminosity, the starburst-driven outflow of ionised gas and the H I structure are relics of the violent recent past of this galaxy. In the current phase of its lifetime the galaxy also displays radio-AGN activity, although this period of AGN activity likely started long after the merger event.
Regarding the total stellar mass of the YSP and the far infrared properties, B2 0648+27 resembles two other radio galaxies (3C 293 and 3C 305) studied by Tadhunter et al. (2002) . These two radio galaxies are also in a post-ULIRG phase of their evolution, and a possible time-lag between the starburst event and at least the current period of radio-jet activity has been suggested.
The host galaxy of B2 0648+27 resembles a so-called E+A galaxy. E+A galaxies have spectral signatures of an elliptical galaxy as well as strong Balmer absorption lines due to young stars, but they lack [O II] (2001) presented H I observations of five E+A galaxies. One of them contains 3.5 × 10 9 h −2 M ⊙ of H I, revealing that also this system has undergone a galaxy-galaxy interaction, similar to the case of B2 0648+27.
The ultimate fate of B2 0648+27 is that it will most likely end as a genuine early-type galaxy. In contrast to the stellar population content, the spatial light-distribution of the optical galaxy already resembles that of an early-type system (Heisler & Vader 1994) . The low surface density, large-scale H I structure will likely survive for a very long time. Ultimately, B2 0648+27 will have the appearance of other genuine earlytype galaxies that contain a large H I disk-like structure. An example is NGC 5266, in which star formation is occurring at a much reduced rate and no AGN activity has been detected (Morganti et al. 1997) . Other examples of H I-rich earlytype galaxies, many of which could be products of a past merger event, are given by van van Gorkom & Schiminovich (1997) , Sadler et al. (2000) , Oosterloo et al. (2001 Oosterloo et al. ( , 2002 and Serra et al. (2006) .
Conclusions
We detect 8.5×10
9 M ⊙ of H I in a large ring-like structure of 190 kpc around the radio galaxy B2 0648+27. We also find that the light from the host galaxy is dominated by a poststarburst stellar population. The extended H I-structure and post-starburst stellar population are the result of a major merger event. There appears to be a significant time-delay between the merger/starburst event and the current episode of radio-AGN activity.
From the derived properties of the merger and starburst event we conclude that B2 0648+27 represents an important link in the evolutionary sequence between ULIRGs and normal early-type galaxies. More research is important to further investigate the role of the AGN activity in this respect. The relative proximity of B2 0648+27 allows a detailed study of the physical processes that occur in this system, which is important for high-z studies, where major mergers are much more common.
